We investigated UV-induced signalling in an ex vivo skin organ culture model using phospho-antibody array. Phosphorylation modulations were analysed in time-course experiments following exposure to solar-simulated UV and validated by Western blot analyses. We found that UV induced P-p38 and its substrates, P-ERK1/2 and P-AKT, which were previously shown to be upregulated by UV in cultured keratinocytes and in vivo human skin. This indicates that phospho-antibody array applied to ex vivo skin organ culture is a relevant experimental system to investigate signalling events following perturbations. As the identified proteins are components of pathways implicated in skin tumorigenesis, UV-exposed skin organ culture model could be used to investigate the effect on these pathways of NMSC cancer drug candidates. In addition, we found that phospho-HCK is induced upon UV exposure, producing a new candidate for future studies investigating its role in the skin response to UV and UV-induced carcinogenesis.
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METHODS LETTER TO THE EDITORS
close to the solar spectrum (see Data S1). To evaluate the effectiveness of the UV irradiation procedure, the presence of apoptotic keratinocytes also known as sunburn cells was documented in UV-exposed skin samples from three donors (Fig. S2 ). We used a human phospho-kinase array assessing 44 phosphorylation sites on 41 kinases. Fold changes in phosphorylated forms were calculated, and Western blot analysis was performed to validate the modulations observed with the arrays. Detailed description of all methods is provided in the Data S1.
| RESULTS
In both non-irradiated and irradiated samples, all the phosphorylated proteins were detectable with a signal above the background represented on the array by PBS spots (data not shown). In addition, the technique was highly reproducible with correlation coefficients of 0.99 and 0.92 between spot replicate and biopsy replicates, respectively (Fig. S3 ). Based on a mean fold change cut-off of >1.4 and a consistent induction across the four donors, we found that six phospho-proteins were induced at any time point after UV irradiation. They are listed in Table 1 . Among the activated kinases, the phosphorylated form of p38α mitogen-activated protein kinase (MAPK) was induced over the entire time course ( Figure 1A and B). This result is consistent with a previously published antibody array performed on cultured keratinocytes [5] and with an IHC study performed in UV-exposed human skin in vivo. [6] The downstream targets of p38, HSP27 and CREB also showed increased phosphorylation ( by Western blot analysis (Figs. S6C and S7C). ERK and AKT were also found to be activated by UV in human skin in vivo. [7, 8] We also found that the src-family kinase (SFK) HCK was induced 24 hours after UV exposure (Fig. S8) . Interestingly, HCK was not previously reported to be activated by UV. Unfortunately, commercially available antibodies to HCK were unable to reliably detect it by Western T A B L E 1 UV-induced phospho-proteins in ex vivo human skin. In italic, fold modulation below 1.4 (below this fold modulation the biological function can be considered as non-relevant) blot. Therefore, a role for HCK in the skin response to UV remains to be confirmed.
| CONCLUSION
Using phospho-antibody array applied to UV-exposed skin explants, we were able to identify phospho-proteins known to be induced by UV in human skin in vivo. This indicates that ex vivo skin represent a relevant model to monitor the molecular response to UV.
Interestingly, we confirmed that UV activates proteins that function in mitogenic and stress signalling pathways. The ERK and p38
MAPKs and AKT drive the proliferative response of keratinocytes in response to UV exposure resulting in epidermal hyperplasia. [9,S1] In addition, p38 stimulates the expression of pro-inflammatory cytokines, including IL6 and IL8, thereby driving UV-induced skin inflammatory response (s2), and promotes UV-induced apoptosis by activating p53. [9,S3] All these pathways were shown to be involved in the malignant transformation of keratinocytes and the formation of cutaneous squamous cell carcinoma.
[s4] Therefore, our skin organ culture model could be used to assess the effects on these pathways of NMSC cancer drug candidates applied topically or systemically. In addition, our study uncovered HCK as a potential new kinase activated by UV. Other SFKs such as Src and Fyn were shown to promote skin tumorigenesis.
[s4] Therefore, investigation of a role for HCK in the skin response to UV and in UV-induced skin carcinogenesis is warranted.
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